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DEVICES AND METHODS FOR DYNAMIC
FIXATION OF SKELETAL STRUCTURE

[0001] REFERENCE TO PRIORITY DOCUMENT
[0002] This application is a continuation of co-pending
U.S. patent application Ser. No. 11/360,038, filed Feb. 21,
2006, which claims priority of the following U.S. Provisional
Patent Applications: (1) U.S. Provisional Patent Application
Ser. No. 60/749,719, filed Dec. 12, 2005; (2) U.S. Provisional
Patent Application Ser. No. 60/731,690, filed Oct. 31, 2005;
and (3) U.S. Provisional Patent Application Ser. No. 60/654,
602, filed Feb. 18, 2005. Priority of the aforementioned filing
dates is hereby claimed, and the disclosures of the Patent
Applications are hereby incorporated by reference in their
entirety.

BACKGROUND

[0003] The present disclosure relates to methods and
devices that permit stabilization of the bony elements of the
skeleton. The methods and devices permit adjustment and
maintenance of the spatial relationship(s) between neighbor-
ing bones. Depending on the specifics of the design, the
motion between skeletal segments may be increased,
reduced, returned to a normal physiology state or modulated
in any desired manner.

[0004] Surgical reconstruction of the bony skeleton is a
common procedure in current medical practice. Regardless of
the anatomical region or the specifics of the reconstructive
procedure, many surgeons employ an implantable device that
can adjust, align and maintain the spatial relationship(s)
between adjacent bones.

[0005] Whether from degenerative disease, traumatic dis-
ruption, infection or neoplastic invasion, alteration in the
anatomical relationships between the spinal vertebras can
cause significant pain, deformity and disability. Spinal dis-
ease is a major health problem in the industrialized world and
the surgical treatment of spinal pathology is an evolving
discipline. The traditional surgical treatment of abnormal
vertebral motion has been the complete immobilization and
bony fusion of the involved spinal segment. An extensive
array of surgical techniques and implantable devices has been
formulated to achieve complete immobilization.

[0006] The growing experience with spinal fusion has shed
light on the long-term consequences of vertebral immobili-
zation. It is now accepted that fusion of a specific spinal level
will increase the load on, and the rate of degeneration of, the
spinal segments immediately above and below the fused
level. As the number of spinal fusion operations have
increased, so have the number of patients who require exten-
sion of their fusion to the adjacent, degenerating levels. The
second procedure necessitates re-dissection through the prior,
scarred operative field and carries significantly greater risk
than the initial procedure while providing a reduced probabil-
ity of pain relief. Further, extension of the fusion will increase
the load on the motion segments that now lie at either end of
the fusion construct and will accelerate the rate of degenera-
tion at those levels. Thus, spinal fusion begets additional,
future fusion surgery.

[0007] Inview of the proceeding, there is a growing recog-
nition that segmental spinal fusion and complete immobili-
zation is an inadequate solution to abnormal spinal motion.
Correction of the abnormal movement and preservation of
spinal mobility is a more intuitive and rational treatment
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option. It is appropriate to employ motion correction in the
initial treatment plan and reserve complete immobilization
and fusion for those patients with advanced motion abnor-
malities that can not be corrected.

SUMMARY

[0008] Disclosed are dynamic bone screws that permit cor-
rection and control of the movement between adjacent bones.
The screws can be used pursuant to an implantation protocol
that provides ease of use as well as a safe and familiar surgical
approach. The bone screws and bone screw assemblies
described herein permit flexible stabilization of the spine.
[0009] Complete immobilization of the spinal segment is
most commonly accomplished by screw fixation of the bony
elements while the bone graft matures into a solid fusion. In
order to preserve motion, a bone graft is not used with the
bone screw assemblies described herein. In addition, the dis-
closed bone screw assemblies are adapted to permit move-
ment of the spinal segments to which the assemblies are
attached, while still providing stabilization of the spinal seg-
ments. Thus, the disclosed bone screw assemblies are adapted
to stabilize spinal segments, but still move or articulate in
response to the imposition of stress caused by the relative
displacement of the spinal segments.

[0010] Bone fixation is accomplished by the attachment of
a first bone screw assembly to one bone and a second bone
screw assembly to a second bone. The two screw assemblies
are interconnected using a rigid rod so that the bone segments
are immobilized relative to each other. The disclosed screw
assemblies include a screw that attaches onto the bone, a
housing member that connects and inter-locks the bone screw
to the rod, and one or more locking members that permit
immobilization of various components of the assembly rela-
tive to one another while still permitting some relative move-
ment. In the devices disclosed herein, a rigid interconnecting
rod is preserved and various embodiments of a dynamic screw
assembly are shown.

[0011] In one embodiment, a dynamic screw assembly is
created by removing or not employing a locking element of
the bone screw assembly. In this way, a housing member of
the bone screw assembly serves to place the bone screw in
proximity to arod but does not immobilize the bone screw and
the rod relative to one another.

[0012] In another embodiment, a head of the bone screw
resides within a housing member and, within defined limits,
the spatial relationship between the screw shaft and the hous-
ing member can vary. A saddle member resides within a
segment of the housing member. A surface or element of the
saddle member movably engages a complimentary surface or
element of the housing member. This permits movement of
the saddle member within the housing member. Characteris-
tics of movement are defined by the characteristics of com-
plimentary surfaces or elements between the housing mem-
ber and the saddle member that permit relative movement
therebetween. An inner aspect of the saddle member accom-
modates a rod that can be used to connect the assembly to
other bone screw assemblies. A first locking nut permits
immobilization of the rod relative to the saddle member and a
second locking nut is used to immobilize the bone screw
relative to the housing member. In this way, a dynamic screw
assembly is formed by providing movement between the
saddle member and the housing member. Further, the addition
of'athird locking nut can transform the dynamic screw assem-
bly into a rigid one.
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[0013] In another embodiment, the bone screw locks onto
one segment of the housing member and the rod attaches onto
another segment of that member. The housing member con-
tains a movable interconnection between the two attachment
points. In this way, a dynamic screw assembly is created that
provides movement within the housing member.

[0014] In another embodiment, a secondary moving ele-
ment or surface is placed between the head of the bone screw
and the central housing member. When the assembly is
locked, both the rod and the secondary moving surface are
immobilized relative to the housing member. However, the
bone screw remains mobile within the confines of the second-
ary moving surface. Thus, a dynamic screw assembly is cre-
ated that provides movement between the bone screw and
housing member.

[0015] In another embodiment, the bone screw contains a
movable intermediate segment between the screw shaft that
engages the bone and the screw head that lies within the
central housing member. In this way, a dynamic screw assem-
bly is created that provides movement within the bone screw
itself.

[0016] In another embodiment, a malleable member sur-
rounds the rod and screw within the confines of a rigid hous-
ing. In this way, a dynamic screw assembly is created that
provides relative movement between the rod and screw head.
[0017] The bone screws described herein form a dynamic
screw assembly while maintaining use of a rigid rod between
different screw assemblies. While describe as separate
embodiments, the various mechanisms may be used in com-
binations to produce additional screw assemblies that have
specific desired properties (such as an axis of rotation within
a specified spatial location).

[0018] In one aspect, there is disclosed a bone fixation
assembly, comprising: an elongate rod; a bone fixation mem-
ber adapted to be secured to a spinal segment; a housing
assembly having a first portion adapted to be removably
attached to the rod in a manner that immobilizes the rod
relative to the first portion, the housing assembly also having
a second portion adapted to be removably attached to the
fixation member to place the rod and the fixation member in
proximity; wherein at least a portion of the bone fixation
assembly can articulate while the rod is immobilized relative
to the housing assembly to permit the fixation member to
move from an initial orientation to a different orientation
relative to the rod in response to application of a load on the
bone fixation assembly, and wherein the fixation member is
automatically urged toward the initial configuration when the
load is removed.

[0019] In another aspect, there is disclosed a bone fixation
assembly, comprising: an elongate rod; a bone screw adapted
to be secured to a spinal segment; a housing assembly that
receives the rod and that receives the screw so as to place the
rod in proximity to the screw; a locking member that couples
to the housing assembly to immobilize .the rod relative to the
housing assembly; wherein at least a portion of the bone
fixation assembly can articulate to permit the rod and the
screw to move from an initial spatial relationship to a second
spatial relationship, and wherein at least a portion of the bone
fixation assembly urges the rod and the screw back toward the
initial spatial relationship upon movement away from the
initial spatial relationship.

[0020] Inanother aspect, there is disclosed a bone fixation
assembly, comprising: a bone screw adapted to engage a
spinal segment; a housing movably coupled to the bone-
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engaging member, the housing being adapted to seat a fixa-
tion rod; and a locking member adapted to mate to the housing
to lock the fixation rod in a fixed position relative to the
housing; wherein the bone fixation assembly permits at least
limited relative displacement between the bone screw and the
fixation rod while the fixation rod is immobilized relative to
the housing, the bone fixation assembly being reformed from
an initial configuration to a different configuration in
response to an imposition of stress on the bone screw assem-
bly, and automatically recovering toward the initial configu-
ration when the stress is removed.

[0021] Inanother aspect, there is disclosed a bone fixation
assembly comprising: an elongate rod; a bone fixation mem-
ber adapted to be secured to a spinal segment; and a housing
assembly having: an inner housing having a slot receives the
rod in a manner that permits immobilization of the rod rela-
tive to inner housing; and an outer housing having a seat that
receives a head of the bone fixation member such that a shank
of'the bone fixation member extends outwardly from the outer
housing; wherein the inner housing movably mounts within
the outer housing to place the rod and the fixation member in
proximity such that the fixation member can move from an
initial orientation to a second orientation relative to the rod in
response to application of a load on the bone fixation assem-
bly, and wherein the fixation member is automatically urged
toward the initial configuration when the load is removed.
[0022] Inanother aspect, there is disclosed a bone fixation
assembly, comprising: a spinal rod; a housing assembly hav-
ing a channel adapted to receive the spinal rod; a locking
member adapted to immobilize the rod relative to the hous-
ing; and a bone screw extending from the housing assembly
and adapted to engage a spinal segment; wherein at least a
portion of the bone fixation assembly includes an articulation
region that elastically articulates to permit relative movement
between the rod and the screw.

[0023] Inanother aspect, there is disclosed a bone fixation
assembly, comprising: an elongate rod; a bone fixation mem-
ber adapted to be secured to a spinal segment; a housing
assembly including an outer housing with a slot that receives
the rod, the outer housing further including a seat, and
wherein the housing assembly further includes an inner hous-
ing positioned in the seat, wherein the inner housing defines a
socket in which a head of the bone fixation member is mov-
ably positioned; and a locking member adapted to immobilize
the rod and the inner housing relative to the outer housing
while the head is movable within the socket.

[0024] In another aspect, there is disclosed a bone fixation
assembly, comprising: an elongate rod; a bone fixation mem-
ber adapted to be secured to a spinal segment; and a housing
assembly including an outer housing and at least one locking
member positioned within the outer housing and adapted to
receive the rod, the housing assembly further comprising a
rotational member rotatably positioned within the locking
member and the outer housing, the rotational member form-
ing a socket in which a head of the fixation member is rotat-
ably positioned; wherein the rod can be pressed downward
into the locking member to immobilize the rod in the locking-
member and the locking member in the housing and further
immobilize the rotational member relative to the locking
member while permitting rotatable movement of the head of
the fixation member within the socket.

[0025] In another aspect, there is disclosed a method of
stabilizing the spine, comprising: providing a fixation assem-
bly including a housing, a bone screw, and a rod; securing the
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fixation assembly to a spine segment such that the bone screw
is fixated within the spine segment; and locking the fixation
assembly such that the rod is immobilized relative to the
housing while the bone screw can move from an initial ori-
entation to a different orientation relative to the rod in
response to application of a load on the bone fixation assem-
bly, and wherein the bone screw is automatically urged
toward the initial configuration when the load is removed
[0026] These and other features will become more apparent
from the following description and certain modifications
thereof when taken with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG. 1 shows a conventional, rigid fixation screw
assembly.
[0028] FIG. 2 shows a cross-sectional view of the assembly

in a locked position.

[0029] FIGS. 3A and 3B show an exploded view and a
cross-sectional assembled view of another embodiment of a
non-rigid bone screw assembly.

[0030] FIG. 4 shows an assembled view of another embodi-
ment of a bone screw assembly that permits movement of the
screw, rod, and/or housing relative to one another prior to
complete locking of the device.

[0031] FIG. 5 shows an exploded view of the assembly of
FIG. 4.
[0032] FIG. 6 shows a perspective view of a bone screw of

the assembly of FIGS. 4 and 5.

[0033] FIG. 7A shows a perspective view of an outer hous-
ing of the assembly of FIGS. 4 and 5.

[0034] FIG. 7B shows a cross-sectional, perspective view
of the outer housing.

[0035] FIG. 8A shows a perspective view of a locking
member of the assembly of FIGS. 4 and 5.

[0036] FIG. 8B shows a cross-sectional view of the locking
member.
[0037] FIGS.9 and 10 show a perspective views of a saddle

member of the assembly of FIGS. 4 and 5.

[0038] FIG. 11 shows a cross-sectional view of the saddle
member.
[0039] FIG.12 shows a perspective view of the assembly in

a partially assembled state.

[0040] FIG. 13 shows a cross-sectional view of the assem-
bly in the partially assembled state.

[0041] FIG. 14 shows a perspective view of the assembly
with the saddle member being inserted into the outer housing.
[0042] FIG. 15 shows the assembly with the saddle member
fully inserted into the outer housing.

[0043] FIG. 16 shows a cross-sectional view of the assem-
bly.
[0044] FIG. 17 shows the assembly with the rod positioned

within the saddle member and the inner locking nut posi-
tioned to immobilize the rod in place relative to the saddle
member.

[0045] FIG. 18A shows the assembly with the outer locking
nut engaged with the outer housing.

[0046] FIG. 18B shows a cross-sectional view of the
assembly with the inner saddle member positioned within the
outer housing.

[0047] FIG.19 shows the assembly with the central locking
nut engaged within an outer locking nut and the assembly
fully assembled.

Dec. 30, 2010

[0048] FIGS. 20-22 show vertebral bodies V1 and V2 with
a pair of bone screw assemblies attached to each vertebral
body.

[0049] FIG. 23 shows another embodiment of the dynamic

bone screw assembly in a fully assembled state.

[0050] FIG. 24 shows the assembly of FIG. 24 in an
exploded state.

[0051] FIG. 25 shows a cross-sectional view of the assem-
bly of FIG. 23.

[0052] FIG. 26 shows another embodiment of a bone screw
assembly.

[0053] FIG. 27 shows a cross-sectional view of the assem-
bly of FIG. 26.

[0054] FIGS. 28A-28B show side and cross-sectional

views of an additional embodiment of a bone screw

[0055] FIG. 29 shows yet another embodiment of a bone
screw assembly.

[0056] FIG. 30 shows an exploded view of the assembly of
FIG. 28.

[0057] FIG. 31 shows a cross-sectional view of the assem-
bly of FIG. 28.

[0058] FIG. 32 shows another embodiment of a dynamic
bone screw assembly.

[0059] FIG. 33 shows the bone screw assembly of FIG. 32
in an exploded state.

[0060] FIG. 34 shows a cross-sectional view of the assem-
bly of FIG. 32.
[0061] FIG. 35 shows how the screw of the assembly can

rotate to various positions.

[0062] FIG. 36 shows the screw assembly of FIG. 32 placed
into the pedicle portion of a vertebra.

[0063] FIG. 37A shows an exploded view of another
embodiment of a dynamic bone screw assembly.

[0064] FIG. 37B shows a cross-sectional view of the bone
screw assembly of FIG. 37A.

[0065] FIG. 37C shows an exploded view of another
embodiment of a dynamic bone screw assembly.

[0066] FIG. 37D shows a cross-sectional view of the bone
screw assembly of FIG. 37C.

[0067] FIG. 38 show various schematic embodiments of
bone screw assemblies that employ multiple moving surfaces
or elements.

DETAILED DESCRIPTION

[0068] Disclosed are methods and devices for fixating a
device to a skeletal structure, such as to a spinal motion
segment (also referred to as a spinal segment), such as a
vertebra. The disclosed bone screw assemblies are adapted to
secure an elongate rod (or any other type of elongate element
or stabilizer for use in conjunction with a spinal fixation
system) to a bone fixation device, such as a bone screw or a
bone hook that attaches to a spinal segment. The disclosed
bone screw assemblies are adapted to secure the rod to the
fixation device while permitting at least some movement or
articulation of the rod relative to the fixation device, such as in
response to the imposition of stress caused by the relative
displacement of the attached spinal segments. The assemblies
can include one or more locking members that can be actuated
or adjusted to vary the level and/or type of relative movement
between the rod and the fixation device and to also completely
immobilize the rod relative to the fixation device if such
immobilization is desired. The assemblies can be partially or
entirely manufactured of one or more materials that enable
such relative movement, as described below.
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[0069] The disclosed dynamic assemblies permit spine sta-
bilization in that a first spinal segment can be attached to a
second spinal segment using rod-interconnected bone screw
assemblies, wherein each assembly is attached to its respec-
tive spinal segments via a bone fastener. The bone screw
assemblies can include at least one dynamic bone screw
assembly of the type described herein. Bone screws are the
most commonly used fasteners in spinal stabilization and the
devices disclosed in this application will illustrate dynamic
assemblies that utilize bone screw fasteners. However, it is
understood that hooks, clamps, cables, or any suitable fas-
tener may be alternatively used. The stabilization is flexible in
that each assembly permits at least some relative movement
between the rod and the screw thereby permits the spinal
segment to move relative to the rod. The interconnected bone
screw assemblies permit at least some control over relative
movement between the vertebral segments, while permitting
movement of the spinal segments relative to one another.
[0070] The screw assemblies described herein can vary in
structure and it should be appreciated that the disclosure is not
limited to the particular structures described herein. Some
embodiments include a housing that couples to a rod or other
type of longitudinal element for use in conjunction with a
spinal fixation system. One or more locking members are
used to immobilize the housing relative to the rod. The hous-
ing also couples to a bone screw that fixedly attaches to a
spinal segment. One or more locking members are used to
couple the bone screw relative to the housing. The structural
arrangement and/or materials of manufacture of the compo-
nents of the screw assemblies are adapted to permit relative
movement between the rod and the screw, between the rod
and the housing, between the screw and the housing, within
the screw, and combinations thereof.

[0071] Insome implementations, the housing can be manu-
factured of two or more components that attach to one another
in a manner that permits limited, relative movement between
the housing components. The rod can be fixedly attached to
one or more of the components while the screw is fixedly
attached to one or more separate components of the housing.
Because the components can move relative to one another, the
rod and the screw can move relative to one another while still
being commonly attached to the housing. The screw, housing,
and/or intermediate components can also be manufactured of
a material that is deformable or flexible to permit relative
movement via deformation of the components themselves.
[0072] In this regard, the components of the screw assem-
bly can be entirely or partially manufactured of a shape-
memory material that exhibits superelastic (also known as
pseudoelastic) characteristics. Shape memory materials
(typically shape memory alloys (SMAs)) are materials that
can be deformed at one temperature, but when heated or
cooled, the materials return to their original, pre-deformed
shape. Thus, the material “memorizes” a previous shape
[0073] Shape memory materials undergo a reversible trans-
formation from one crystal phase to another over a particular
temperature range. Above this temperature range, the mate-
rial exists as austenite, which has a rigid crystal structure. The
shape of a component while in the austenite phase is typi-
cally-referred to as the memory shape. A low temperature
phase, martensite, is soft and can be deformed from its origi-
nal shape without causing any permanent deformation. Once
deformed, martensitic material will remain in this deformed
shape indefinitely. When heated later, the material transforms
to the high temperature phase and returns to its memory
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shape. The transformation between martensitic and austenitic
phases can occur as a result of a change of temperature or as
a result of the imposition of stress on the material. In this
regard, a thermoelastic martensitic transformation has
occurred if the transformation occurs in response to a change
in temperature. If the martensitic transformation occurs as a
result of the imposition of stress, then a stress-induced mar-
tensitic transformation has occurred.

[0074] Shape memory materials can exhibit superelasticity
wherein a small force induces considerable deformation but
when the force is removed, the material automatically recov-
ers its original shape without the need for heating. The super-
elastic phenomena occurs when stress is applied to a shape
memory material at a temperature slightly higher than the
temperature at which the material begins to transform into
austenite. When stressed, the material first deforms elasti-
cally up to the yield point of the material. When further stress
is applied to the material, it begins to transform into stress-
induced martensite. When the stress is removed, the material
transforms back into austenite and the material returns to its
original, memorized shape.

[0075] A nickel-titanium alloy know as Nitinol is an
example of a shape-memory material. Nitinol is advanta-
geous for use in the screw assemblies described herein, as
Nitinol can be programmed to undergo a stress-induced mar-
tensitic transformation at about normal human body tempera-
ture (i.e., at about 35-40 degrees Celsius).

[0076] An article entitled Shape Memory Effect and Super-
Elasticity in Ni-Ti Alloys, Titanium and Zirconium, Vol. 30,
No. 4, October 1982 (which is incorporated herein by refer-
ence), by Yuichi Suzuki, provides details regarding the super-
elasticity. The disclosed screw assemblies can be at least
partially manufactured of a shape memory material that
exhibits superelastic characteristics or behavior at about
human body temperature.

[0077] FIG. 1 shows a conventional, rigid fixation screw
assembly. FIG. 2 shows a cross-sectional view of the assem-
bly 105 in a locked position. The assembly 105 includes a
fixation member comprised of a bone screw 110, an elongate
rod 115, and a housing 120 that couples to both the bone
screw 110 and the rod 115. The housing 120 has a slot that is
sized to receive the rod 115. The assembly of FIGS. 1 and 2 is
rigid in that the bone screw is completely immobilized rela-
tive to the housing 120 and the rod 115 when a locking
member is tightened onto the rod. Thus, no relative movement
between the rod and the bone screw is permitted when the
locking member is tightened onto the rod.

[0078] An internal bore in the housing 120 is sized to
receive the screw 110. In this regard, a head 122 of the bone
screw 110 sits within a seat in the housing 120 such that an
anchoring portion (such as a shank portion 124 or a hook) of
the bone screw 110 protrudes downwardly out of the housing
120. A locking member 125 sits above the head 122 and
below the rod 115 in the housing 120. A locking nut 130 can
be advanced downward into the housing 120 to force the rod
115 downwardly against the locking member 125 and com-
press the screw 110 against the inner aspect of the housing
110. When locking nut 130 is fully advanced, the assembly
becomes rigid such that the screw 110 is completely immo-
bilized relative to the housing 120 and the rod 115.

[0079] There are now described various embodiments of
bone screw assemblies that are non-rigid, such that there is at
least some level of relative movement between the rod 115,
the housing 120 and/or the bone screw 110 while still placing
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the rod in proximity to the bone screw. The assemblies can
also be rigid upon the actuation of locking members.

[0080] Inone embodiment, one or more of the components
of the assembly of FIGS. 1 and 2 are manufactured of a
deformable or flexible material. The material can be a shape
memory material, for example. Because the material is
deformable, at least some level of movement of the compo-
nents relative to one another is enabled. For example, the
saddle 125 can be manufactured of a material that deforms
upon the satisfaction of deformation criteria, such as upon the
application of a threshold level force. If such a threshold level
of force is applied to the saddle 122 via the screw, then the
screw can be rotated relative to the housing 120. Other com-
ponents of the assembly 105 can also be manufactured of a
deformable material.

[0081] Thus, the components of the assemblies described
herein can be manufactured of a shape memory material. The
material has a memorized shape wherein the screw is placed
in a first orientation relative to the rod. Upon the imposition of
stress or a load to the material, the material transforms to a
different shape that places the screw in a different orientation
relative to the rod. If the material is reshaped or deformed
while at a temperature above the material’s transformation
temperature, the material automatically recovers toward its
memorized shape when the stress is removed. In one embodi-
ment, a screw assembly is attached to a spinal segment while
at least one component (such as the housing, rod, screw, or
portion thereof) of the assembly is in a substantially
unstressed initial configuration where virtually all of the
shape memory material is in an austenitic state. Upon the
imposition of stress onto a portion of the assembly (which can
be caused by relative movement between the spinal seg-
ments), at least a portion of the material is transformed into
reversible stress-induced martensite. Upon the reduction or
removal of stress, at least a portion of the material is trans-
formed back into austenite.

[0082] Any of the components of the bone screw assem-
blies described herein can be at least partially formed of a
shape-memory material that exhibits pseudoelastic character-
istics or behavior at about human body temperature. As men-
tioned, Nitinol is an example of a material that can be pro-
grammed to undergo a stress-induced martensitic
transformation at about normal human body temperature
(i.e., atabout 35-40 degrees Celsius). It should be appreciated
that any of the embodiments described herein can be at least
partially manufactured of a deformable material.

[0083] FIGS. 3A and 3B show an exploded view and a
cross-sectional assembled view of another embodiment of a
non-rigid bone screw assembly 305. The assembly 305
includes a bone screw 310, a housing 320, a saddle 325, and
a locking nut 330. The saddle 325 is interposed between a
head of the screw 310 and the rod when the assembly 305 is
assembled. For clarity of illustration, the rod is not shown in
FIGS. 3A and 3B, although the rod is adapted to be received
within a slot 332 in the housing 320.

[0084] The saddle 325 is dimensioned such that the rod 315
does not directly compress against the saddle 325 when the
rod is pressed fully downward into the slot 332 in the housing
320. Rather, the rod 315 abuts the bottom edge of the slot 332.
The bottom edge is above the level of the top surface of the
saddle 325 such that the rod 315 does not press downward
against the saddle 325 when the rod is pressing against the
bottom edge of the slot 332. Full advancement of the locking
nut 330 locks or immobilizes the rod 315 relative to the
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housing 320, but still permits movement of the screw 310
relative to the housing 320. That is, the head 322 of the screw
310 can rotate within the housing 310 when the locking nut
330 is fully advanced downward against the rod 115. When
the head 322 rotates, the orientation of the longitudinal axis of
the screw 310 varies.

[0085] With reference to FIG. 3B, a space 335 is located
between the head 322 of the screw 310 and the rod when the
rod is positioned in the housing 320. The space 335 can be
loaded with a material that resists movement of the screw, but
still permits some movement when a load of sufficient force is
applied to the screw. Thus, the space can be fitted, for
example, with springs, Belleville washers, fluids, elastic
materials, magnets or any know mechanism that can be
adapted to resist movement of the screw 310 within the hous-
ing 320. In this manner, the screw 310 can move relative to the
housing 310, but only if a force is applied to the screw wherein
the force is of sufficient magnitude to overcome the move-
ment-resistant material or structure within the space 335.
[0086] This screw assembly has a neutral position wherein
longitudinal axis of the housing is perpendicular to the plane
atop the head of the screw, as shown in FIG. 3B. In the neutral
position, the net force acting upon the screw is zero. However,
when the screw is moved outside of the neutral position (such
that the plane atop of the screw head is no longer perpendicu-
lar or substantially perpendicular to the longitudinal axis of
the housing), the material placed in space 335 will exert a net
force on the head of the screw and return the screw to the
neutral position. In this embodiment, the neutral position is
pre-determined. That is, there is a pre-determined relation-
ship between the longitudinal axis of the housing and plane
atop the screw head (such as perpendicular). That relationship
is a function of screw design and cannot be changed by the
surgeon at the time of screw placement.

[0087] At implantation, the screw assembly of the current
embodiment will be in the neutral position. In order to con-
nect several non-linear screw assemblies with a single rod, the
housing of one or more assemblies must be taken out of the
neutral position. This maneuver will necessarily cause the
bone screws of the assemblies in the non-neutral position to
apply significant load onto the attached bones. Since it is
sometimes undesirable to place a load on the vertebral bones
at the time of screw implantation, other embodiments are
illustrated that will obviate this feature. In those embodi-
ments, the housing and bone screw may be placed in any
desired position relative to one another before the assembly’s
neutral position is set. That is, the neutral position is not
pre-determined in those embodiments.

[0088] FIG. 4 shows an assembled view of another embodi-
ment of a bone screw assembly 400 that permits movement of
the screw, rod, and/or housing relative to one another prior to
complete locking of the device. FIG. 5 shows an exploded
view of the assembly of FIG. 4. The assembly of FIGS. 4 and
5 includes a housing that is formed of several components that
can move or articulate relative to one another. The rod can be
immobilized relative to a first component while the screw can
be immobilized relative to a second component of the hous-
ing. Because the first and second components are movable
relative to one another, the rod and screw can move relative to
one another while still being coupled to one another.

[0089] The assembly includes a housing comprised of an
outer housing 405 and an inner saddle member 410 having a
slot 412 for receiving a rod 415 (FIG. 5). A locking member
420 (FIG. 5) fits within the outer housing 405 above a bone
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screw 425. The bone screw 425 sits within a seat in the bottom
of the outer housing 405 such that a shank of the screw 425
extends outwardly from the outer housing 405. An inner
locking nut 430 interfaces with the saddle member 4.10 for
providing a downward load on the rod 415 for securing the
rod relative to the saddle member 410, as described below. An
outer locking nut 435 interfaces with the outer housing 405
for locking the assembly together, as described below. A
central locking nut 440 engages a central, threaded bore
within the outer locking nut 435. The locking nuts 430, 435,
and 440 can provide various combinations of immobilization
oftherod 115, screw 425, and housing relative to one another.
[0090] FIG. 6 shows a perspective view of the bone screw
425. The bone screw 425 includes a shank 605 that extends
from a head 610. The head 610 has an upper surface in which
is disposed a drive connector such as a cavity 620 that is sized
and shaped to receive a tool for driving the screw 425 into
bone. The cavity 620 can be, for example, hexagonal shaped
to receive a hex drive for engaging and rotating the screw 425.
[0091] FIG.7A shows aperspective view of the outer hous-
ing 405. F1G. 7B shows a cross-sectional, perspective view of
the outer housing 405. A central bore extends through the
outer housing for receipt of the bone screw 425. A seat 705 is
located within a base region 706 of the outer housing 405 for
receiving the head 610 of the screw 425. The base region 706
has apair of upper surfaces 708 that face aregion of the saddle
member 410 in the assembled device. The upper surfaces 708
can be convex along two dimensions or can have any contour.
[0092] A pair of opposed extensions 710 extend upwardly
from the base region 706 and flare outwardly to form into
threaded regions 715 that interface with the outer locking nut
435 (FIG. 5). Each of the extensions 710 has an inner surface
that includes an elongate slot 720 that slidingly engages a
complementary-shaped extension of the locking member
420, as described in detail below.

[0093] FIG. 8A shows a perspective view of the locking
member 420 of the assembly of FIGS. 4 and 5. FIG. 8B shows
a cross-sectional view of the locking member 420. As men-
tioned, the locking member 420 is positioned within the outer
housing 425 above the screw 425 in the assembled device. A
base 805 has a hole 810 extending therethrough wherein the
hole 810 is located directly above the drive cavity 620 of the
bone screw 425 when the device is assembled. As shown in
the cross-sectional view of FIG. 8B, a bottom region of the
base 805 forms a cavity 807 that is positioned immediately
above the head 610 of the screw 524 in the assembled device.
[0094] A pair of opposed extensions 815 extend upwardly
from the base 805. Each extension has a rail 820 positioned on
an outer surface of the extension. The extensions 815 are
positioned relative to one another such that they can fit in-
between the extensions 710 (FIGS. 7A and 7B) of the outer
housing 405. In addition, the rails 820 are sized, shaped and
positioned to slidingly engage the slots 720 (FIGS. 7A and
7B) of the extensions 710 of the outer housing 405, as
described in more detail below.

[0095] FIGS. 9 and 10 show a perspective views of the
saddle member 410. FIG. 11 shows a cross-sectional view of
the saddle member 410. The saddle member 410 has a pair of
extensions 905 that form a rod channel 910 therebetween
wherein the channel 910 is adapted to receive the rod 415. A
threaded engagement region 915 on the inner surface of the
extensions 905 is adapted to interface with the inner locking
nut 430 (FIG. 5). The outer aspect of each extension 905
includes a pair of protrusions 920 that function to limit the
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amount of movement of the saddle 410 relative to the outer
housing 405 of the assembled device, as described in detail
below. As best shown in FIGS. 9 and 11, a borehole 925
extends through a base of the saddle member 410.

[0096] With reference to FIGS. 9-11, the saddle member
410 has abottom surface 935 that is positioned adjacent to the
upper surfaces 708 (FIGS. 7A, 7B) of the outer housing 405
in the assembled device. The bottom surface 935 can have a
contour that is selected to permit relative movement of the
saddle member 410 and the outer housing 405 such that the
bottom surface 935 can slide relative to the upper surfaces
708, as described below. For example, the bottom surface 935
can be concave along two dimensions. The saddle member
410 is dimensioned to fit within the outer housing 405. In this
regard, the saddle member 410 is at least slightly undersized
relative to the space between the extensions 710 of the outer
housing 405 to permit some travel or movement between the
saddle member and the outer housing in the assembled
device.

[0097] FIG. 12 shows a perspective view of the assembly
400 in a partially assembled state with the screw 425 and the
locking member 420 engaged with the outer housing 405.
FIG. 13 shows a cross-sectional view of the assembly 400 in
the partially assembled state. The head 610 of the screw 425
is positioned within the seat in the base region 706 of the outer
housing 405 such that the shank 605 extends through the bore
in the outer housing 405. The head 610 is free to move within
the seat. That is, the head 610 can rotate within the seat in a
ball and socket manner.

[0098] With reference to FIGS. 12 and 13, the locking
member 420 is positioned within the outer housing 405 such
that the rails 820 are slidable positioned within the slots 720
of the extensions 710 on the outer housing 405. The exten-
sions 815 on the locking member 420 have a height such that
upper edges of the extensions 815 extend past the upper edges
of'the extensions 710 ofthe outer housing 405. In this manner,
the upper edges of the extensions 815 can be pressed down-
wardly so that the locking member 420 exerts a locking force
on the head 610 of the screw 425 to immobilize the screw 425
relative to the outer housing 405, as described in detail below.
The outer locking nut 435 can be used to press the upper edges
of the extensions 815, as described below. The borehole 810
(FIG. 12) is positioned above the drive cavity 620 in the head
610 of the screw 425 to permit a hex drive to be engaged with
the drive cavity 620.

[0099] FIG. 14 shows a perspective view of the assembly
with the inner saddle member 410 deviated to one side within
housing 405. FIG. 15 shows the assembly with the saddle
member 410 in the midline (“neutral”) position within outer
housing 405. FIG. 16 shows a cross-sectional view of the
assembly. The saddle member 410 slides into the space
between the extensions 710 on the outer housing 405 and the
locking member 420. As best shown in FIG. 16, the upper
edges of the extensions 905 on the saddle member 410 are
positioned below the lower edges of the widened threaded
region 715 of the outer housing 405 with a small space B
positioned therebetween. A small space B is positioned
between the lower surface of the saddle member 410 and the
surface 708 of the outer housing 405.

[0100] With reference to FIG. 16, a space A exists between
the sides of the saddle member 410 and the inner sides of the
outer housing 405 and locking member 420. With reference to
FIG. 15, a space 1505 is located between the protrusions 920
and the extensions 710. The size of the space is limited by the
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size of the protrusions 920. The spaces A, B, and 1505 permit
the saddle member 410 to have some play or movement
relative to the outer housing 405 when the saddle member 410
is positioned in the outer housing 405.

[0101] It should be appreciated that the size and shape of
the spaces can be varied. Moreover, the saddle member 410
can be sized and shaped relative to the outer housing 405 such
that other spaces are formed. At least one purpose of the
spaces is to permit relative movement between the saddle
member 410 and the outer housing 405 and this can be accom-
plished in various manners. Thus, the screw can be moved
from a first orientation (such as the neutral position) to a
second orientation while the rod is immobilized relative to the
inner member 410.

[0102] Any ofthespaces, A, B, or 1505 can be fitted with an
elastic or deformable material or other mechanism, such as a
spring, that resists such movement of the saddle member 410
within the outer housing 405. In this way, the device will resist
movement to either side and will return to a predetermined
position, such as a mid-line position, after an applied force
has dissipated.

[0103] FIG. 17 shows the assembly 400 with the rod 415
positioned within the saddle member 410 and the inner lock-
ing nut 430 positioned to immobilize the rod 415 in place
relative to the saddle member 410. As mentioned, the rod 415
sits within the channel 910 of the saddle member 410. The
inner locking nut 430 can be threaded downwardly into the
saddle member 410 so as to provided adownward force on the
rod 415 and lock the rod 415 relative to the saddle member.
When fully seated, the inner locking nut 430 locks the rod 415
within inner saddle member 410. At the stage shown in FIG.
17, the rod 415 is immobilized relative to the saddle member
410, while the screw 425 can still rotate within the seat in the
outer housing 405. Thus, both the screw and the rod are
attached to the outer housing but the screw and the rod can
have relative movement with respect to one another.

[0104] FIG. 18A shows the assembly 400 with the outer
locking nut 435 engaged with the outer housing 405. The
outer locking nut 435 has internal threads that engage the
threaded region 715 (FIG. 7A) of the outer housing 405. The
outer locking nut 435 can be threaded downward onto the
outer housing 405. As this occurs, the outer locking nut 435
provides a downward force on the upper edge of the exten-
sions 815 (FIG. 13) of the locking member 420. As men-
tioned, the upper edges of the locking member extend
upwardly past the upper edges of the outer housing 405. The
outer locking nut 435 thus presses the locking member 420
downward, which in turn presses downward on the head of
the screw 425. The head of the screw 425 is pressed down-
ward into the seat 705 (FIGS. 7A and 7B) of the housing 405
with a force sufficient to immobilize the screw 425 within the
seat of the outer housing.

[0105] At this stage, the bone screw 425 is immobilized
relative to the outer housing 405 due the outer locking nut 435
and the locking member 420 pressing downward on the screw
head. The inter-connecting rod 115 is locked or immobilized
relative to the inner saddle member 410 due to the downward
force provided by the inner locking member 430 (FIG. 17).
However, the inner saddle member 410 can move relative to
the outer housing 405 due to the spaces A and B (FIG. 16) and
the space 1505 (FIG. 15) between the inner saddle member
410 and the outer housing 405. Thus, the rod 115 can move
relative to the screw 425 while both components are still
coupled to the housing.
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[0106] With reference to FIG. 15, the inner saddle member
410 can slidably move within the outer housing 405 along a
direction aligned with axis S wherein the amount movement
is limited by the interplay between the protrusions 920 and the
extensions 710. This type of movement is represented in FIG.
18B, which shows a cross-sectional view of the assembly
with the inner saddle member 410 positioned within the outer
housing 405. The inner saddle member 410 is represented in
solid lines at a first position and in phantom lines at a second
position after sliding from right to left in FIG. 18B. The
bottom surface 935 of the inner saddle member 410 slides
along the upper surface 708 of the outer housing 405. As
mentioned, the surfaces can be contoured such that the inner
saddle member slides along an axis S that has a predetermined
radius of curvature. This can be advantageous during flexion
and extension of the attached spinal segments, as the radius of
curvature of the axis S can be selected to provide motion
along the physiologic axis of rotation of the spinal segments.
[0107] With reference now to FIG. 16, the inner saddle
member 410 can also move up and down along axis U and
side-to-side along axis R relative to the outer housing 405 due
to the spaces A and B. Some rotational and/or pivoting move-
ment of the inner saddle member 1505 relative to the outer
housing 405 is also possible. Thus, movement of the inner
saddle member relative to the outer housing provides the
dynamic quality of the device as such movement permits the
rod to move relative to the screw.

[0108] When complete immobilization is desired, the cen-
tral locking nut 440 is advanced into a threaded bore in the
outer locking nut 435. The central locking nut 440 presses
downward against the upper surfaces 1605 (FIG. 16) of the
inner saddle member 410 to force the inner saddle member
downward against the outer housing 405. The inner saddle
member is thereby immobilized relative to the outer housing.
In this way, a fixed screw configuration is produced. FIG. 19
shows the assembly 400 with the central locking nut 440
engaged within the outer locking nut 435 and the assembly
fully assembled.

[0109] The assembled device or any of its components can
be made of any biologically adaptable or compatible materi-
als. Materials considered acceptable for biological implanta-
tion are well known and include, but are not limited to, stain-
less steel, titanium, tantalum, combination metallic alloys,
various plastics, resins, ceramics, biologically absorbable
materials and the like. Any components may be also coated/
made with osteo-conductive (such as deminerized bone
matrix, hydroxyapatite, and the like) and/or osteo-inductive
(such as Transforming Growth Factor “TGF-B,” Platelet-De-
rived Growth Factor “PDGE,;” Bone-Morphogenic Protein
“BMP,” and the like) bio-active materials that promote bone
formation. Further, the outer surface of the bone screw 425
may be made with a porous ingrowth surface (such as tita-
nium wire mesh, plasma-sprayed titanium, tantalum, porous
CoCr, and the like), provided with a bioactive coating, made
using tantalum, and/or helical rosette carbon nanotubes (or
other carbon nanotube-based coating) in order to promote
bone in-growth or establish a mineralized connection
between the bone and the implant, and reduce the likelihood
of'implant loosening. As discussed above, the assembly or its
components can also be entirely or partially made of a shape
memory material or other deformable material.

[0110] A placement and implantation protocol for the
assembly 400 is now described. With the assembly 400 in the
partially assembled stated shown in FIGS. 15 and 16, a hex-
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drive screw driver is used to engage the hex-shaped drive
cavity 620 (FIG. 6) within the head 610 of the bone screw 425.
The driver transverses the bore 925 (FIG. 9) of the inner
saddle member 410 and the bore 810 (FIG. 8A) of the locking
member 420 to reach the bone screw 425. The screw 425 is
then rotated and anchored into the underlying bone. The
shank portion 605 of the screw 425 engages the bone such that
the screw 425 is locked to the bone.

[0111] Whenused inthe spine, the screw 425 can be placed
into the pedicle segment of the vertebra. A screw 425 of a
second assembly 400 is placed into a second vertebral body
on the same side of midline as the first screw. The inter-
connecting rod 415 is seated into the rod channel 910 of each
inner saddle member 410 such that the rod 415 connects the
two assemblies 400 and the respective screws 425. The inner
locking nut 430 is used to engage the threads 915 of the inner
saddle member 410, but the inner locking nut 430 is not fully
tightened. At this point, the rod 415 remains mobile within
each rod channel of the saddle members 410.

[0112] The outer locking nut 435 is placed and used to
engage the threads on the top region of the outer housing 405.
The nut 435 is locked thereby immobilizing the bone screw
425 within the outer housing 405. If vertebral re-alignment is
desired, the screws 425 are used to re-position the attached
vertebral bodies. Since the inner locking nut 430 is not yet
locked, the rod 415 can slide within the channels of the saddle
members 410 and the screws 425 are still free to move relative
to one another.

[0113] After the screws 425 are appropriately positioned,
the inner locking nuts 430 are fully advanced against the rod
415 to lock the rod 415 relative to the inner saddles 415. FIG.
20 shows vertebral bodies V1 and V2 with a pair of assemblies
400 attached to each vertebral body. Two screws 425 can be
placed into each vertebral body as shown in FIG. 20. FIGS. 20
and 21 show the vertebral bodies V1 and V2 in flexion and the
relative movement permitted by the dynamic screws assem-
blies 400. Note that each inner saddle member 410 can move
within each outer housing 405. FIG. 22 shows the vertebral
bodies V1 and V2 in extension. As previously discussed, the
spaces 1505 (FIG. 15) may be fitted with elastic materials,
springs, magnets, or any other device that can resist move-
ment of the saddle member 410 relative to outer housing 405.
This feature would enable the screw 425 to return the verte-
bral bodies to the neutral position after movement. Since the
saddle member 410 was slightly undersized in width, a lim-
ited amount of vertebral rotation is also permitted. Further,
before locking the assembly, the surgeon can freely adjust the
orientation of the screw relative to housing without influenc-
ing the assembly’s neutral position or pre-loading the screw
and bone construct.

[0114] Inone embodiment, a rigid bone screw assembly is
attached to a first spinal segment or to any bone structure. The
rigid bone screw assembly is configured to completely immo-
bilize a rod relative to a first bone screw that is attached to the
spinal segment such that the rod is fixedly cantilevered from
the bone screw assembly. The rod is then coupled to a
dynamic bone screw assembly of the type described herein
such that the rod is placed in proximity to a second bone screw
of the dynamic bone screw assembly. The dynamic bone
screw assembly permits some movement of the rod relative to
the second bone screw. The dynamic bone screw assembly
can permit up and down and/or rotational movement between
the rod and the second bone screw while prohibiting transla-
tional movement. Thus, a rod can be coupled to a rigid bone
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screw assembly and to a dynamic bone screw assembly
wherein each bone screw assembly is attached to a respective
spinal segment.

[0115] FIG. 23 shows another embodiment of the dynamic
bone screw assembly in a fully assembled state. FIG. 24
shows the assembly of FIG. 24 in an exploded state. The
assembly 2300 includes a housing 2305 that receives a bone
screw 2310 through an inner bore in the housing 2305. The
housing 2305 includes a slot 2317 that receives arod 2315. A
first locking nut 2320 can be used to lock the bone screw 2310
relative to the housing 2305 by providing a downward force
against the head of the bone screw 2310 that immobilizes the
bone screw within a seat inside the housing 2305. Likewise, a
second locking nut 2325 can be used to lock the rod 2315
relative to the housing 2305 by pressing the rod 2315 down-
ward against a bottom surface of the slot 2317. The housing
2305 includes a flexible or articulating region 2330 that is
configured to enable a first region of the housing 2305 to
move relative to a second region of the housing 2305, as
described below.

[0116] FIG. 25 shows a cross-sectional view of the assem-
bly of FIG. 23. The screw 2310 has a shank 2505 that extends
from a head 2510. The head 2510 sits within a seat formed
within the bottom region of the housing 2305. The first lock-
ing nut 2320 has threads that engage corresponding threads
inside the housing 2305. The first locking nut 2320 can be
advanced downward to exert a force on the head 2510 of the
screw 2310 to thereby immobilize or lock the screw 2310
relative to the housing 2305. The screw head and/or the seat in
which it sits may be serrated, textured, coated, corrugated or
otherwise treated in any manner intended to increase the
frictional forces between them so as to potentate the locking
mechanism. This feature may be equally applied to any other
embodiment disclosed in this application.

[0117] The rod 2315 sits within the channel 2317 in the
housing 2305. The second locking nut 2325 engages a
threaded region in the housing 2305 and can be advanced
downward against the rod 2215. The second locking nut 2325
provides a downward force to press the rod 2315 against the
bottom of the channel 2317 and immobilize the rod 2315
relative to the housing 2305.

[0118] As mentioned, the region 2330 of the housing is
configured to enable a first region of the housing 2305 to
move relative to a second region of the housing 2305. The
region 2330 enables the region of the housing that is locked to
the rod 2315 to move relative to the region of the housing that
is locked to the screw 2310. In this manner, the region 2330
permits the rod 2315 to move relative to the screw 2310 while
boththe rod and screw are immobilized relative to the housing
2305.

[0119] The region 2330 can be configured in various man-
ners so as to permit such movement. In the illustrated embodi-
ment, the region 2330 has a pleated or corrugated configura-
tion that permits the region 2330 to elastically flex or deform
such that the segment of the housing 2305 above the region
2330 can move relative to the segment below the region 2330.
It should be appreciated that the region 2330 can be config-
ured in various manners so as to permit such movement.
Moreover, the region 2330 can be configured to resist move-
ment and to return to a default orientation after a load that
caused the movement has dissipated.

[0120] FIG. 26 shows another embodiment of the assembly
wherein the articulating region 2330 is surrounded or covered
by asleeve 2605. FIG. 27 shows a cross-sectional view of the
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assembly of FIG. 26. The sleeve 2605 is an annular device
that fits around the perimeter of the housing 2305 so as to
cover the region 2330. The sleeve 2605 can be a membrane
that forms a sealed space that prevents migration of any wear
debris that may develop. The sleeve 2605 also serves as a
barrier against the intrusion of connective tissue and the
sealed space may contain a lubricant to reduce friction. A pair
of attachment rings 2610 can be used to secure the sleeve
2605 to the housing 2305. While not explicitly illustrated on
the other embodiments, this modification can be equally
adapted to them. Further, it should be appreciated that before
locking the assembly, the surgeon can freely adjust the ori-
entation of the screw relative to housing without influencing
the assembly’s neutral position or pre-loading the screw and
bone construct.

[0121] FIGS. 28A-28B show side and cross-sectional
views of an additional embodiment of abone screw 3800. The
bone screw 3800 includes a head 3810 and a shank 3812 that
extends from the head. The screw 3800 includes contains a
movable intermediate segment 3815 between the screw shank
3812 that engages the bone and the screw head 3810 that lies
within the housing of a screw assembly. While the remainder
of'the assembly is not depicted, the remainder can be substan-
tially equal to the housing/rod assembly shown in FIGS. 1 &
2. Alternatively, any screw assembly design that utilizes a rod
and bone screw feature may be used. These devices are quite
numerous and current art illustrates many variations of these
assemblies.

[0122] The segment 3815 is configured to enable a first
region of the screw 3800 (such as the head 3810) to move
relative to a second region of the screw 2800 (such as the
shank 3812). The segment 3815 enables the region of the
screw that is that is locked to the housing and rod to move
relative to the region of the housing that is locked to bone. In
this manner, the segment 3815 permits the rod to move rela-
tive to the screw while both the rod is immobilized relative to
the housing.

[0123] The segment 3815 can be configured in various
manners so as to permit such movement. In the illustrated
embodiment, the segment 3815 has a pleated or corrugated
configuration that permits the segment 3815 to elastically flex
or deform such that the head 3810 above the segment 3815
can move relative to the shank 3812 below the segment 3815.
It should be appreciated that the segment 3815 can be con-
figured in various manners so as to permit such movement. In
this device, a dynamic screw assembly is created by providing
movement within the bone screw itself. As in the embodiment
shown in FIGS. 26 and 27, a flexible sleeve or membrane may
be used to surround the segment 3815 of movable articula-
tion.

[0124] FIG. 29 shows yet another embodiment of the
dynamic bone screw assembly. FIG. 30 shows an exploded
view of the assembly of FIG. 29. In this embodiment, the head
of'the screw is positioned within an inner housing member in
which the head can rotate in a ball and socket manner. The
inner housing member can be immobilized relative to the
housing to fixedly attach the screw to the housing. However,
the head of the screw can rotate within the inner housing
member to permit some movement between the screw and the
housing. In addition, the head can be completely immobilized
within the inner housing.

[0125] With reference to FIGS. 29 and 30, the bone screw
assembly 2800 includes an outer housing 2805, a bone screw
2810, and arod 2815. A locking nut 2820 can be threaded into
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the housing 2805 to provide a downward force onto the rod
2815 and immobilize the rod relative to the housing 2805 and
the inner housing (2910a & b). As best shown in FIG. 30, the
bone screw 2810 has a head 2905 that can be positioned;
within inner housing members 2910a and 29105. While not
shown, half members 2910a & b are joined to form the
assembled inner housing member using threaded screws,
ratchets, clips, adhesives, or any other technique for segment
assembly. A saddle 2915 is positioned within the housing
2805 below the rod 2815 and above the inner housing mem-
bers 2910 in the assembled device.

[0126] FIG. 31 shows a cross-sectional view of the assem-
bly of FIG. 29. The head 2905 of the screw 2910 is positioned
within the inner housing members 2910, which collectively
form a socket for the head 2905. The socket contains a space
3005 that is positioned, for example, above the head 2905.
The saddle 2915 is positioned directly above the inner hous-
ing 2910 assembly and below the rod 2815.

[0127] The locking nut 2820 is advanced toward the rod
2815 to tightly press the rod 2815 against the upper edge of
the saddle 2915. This also causes the saddle 2915 to press
downward against the inner housing members 2910 and force
the inner housing members 2910 against a seat in the housing
2805, which causes rigid immobilization of the rod 2815,
housing 2805, and inner housing members 2910 relative to
one another. However, the head 2905 of the bone screw 2810
is movable within the inner aspect of the inner housing mem-
bers 2910 to produce the dynamic aspect of the assembly.
That is, the head 2905 of the screw 2810 can rotatably move
within the socket formed by the inner housing members 2910.
[0128] The space 3005 within the inner housing member
2910 can contain a material or structure that resists movement
of the head 2905 of the bone screw 2810 relative to the inner
aspect of the inner housing members 210. The material or
structure within the space 3005 can be, for example, an elastic
material(s), fluids, spring device(s), magnets or any other
appropriate materials/devices that will resist movement of the
head of bone screw relative to the inner aspect of the inner
housing members. When the screw head is moved out of a
predetermined position in the inner housing members, the
material/device within space 3005 will apply a force to the
head of screw and resist any bone screw movement away from
the neutral position. With movement, the assembly would
return the screw and the attached bone to the neutral position
once the deflecting force has dissipated. Further, before lock-
ing the assembly with the locking nut 2820, the surgeon can
freely adjust the orientation of the screw relative to housing
without influencing the assembly’s neutral position or pre-
loading the screw and bone construct.

[0129] FIG. 32 shows another embodiment of a dynamic
bone screw assembly. FIG. 33 shows the bone screw assem-
bly of FIG. 31 in an exploded state. The bone screw assembly
3100 includes a housing 3105, a bone screw 3110 that fits
through a bore in the housing 3105, and a rod 3115. The rod
3115 lockingly engages a pair of locking members 3120. A
pair of rotational member 3125 (FIG. 33) fit over the head
3130 and within the locking members 3120, as shown in the
cross-sectional view of FIG. 34. Thus, when assembled, the
rotational members 3125 are interposed between the head
3130 of the screw 3110 and the inner aspect of the locking
members 3120. While illustrated as using screws, the rota-
tional members 3130 can be attached to one another in vari-
ous manners, such as using threaded screws, ratchets, clips,
adhesives, or any other technique for segment assembly.
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[0130] FIG. 34 shows a cross-sectional view of the assem-
bly of FIG. 32. The locking members 3120 can lock to the
housing 3105 the rod 3115 using a Morse taper configuration.
When the locking members 3120 are pressed downward into
the housing 3105 by the rod 3115, the two locking members
3120 are forced inward toward the rod 3115 to immobilize the
rod 3115 therebetween. With the assembly in the locked
configuration, the outer surfaces of the locking members
3120 tightly fit within the inner surface of the housing 3105.
The individual segments of the locking members 3120 are
forced inward and immobilize the rod 3115 and the rotational
members 3125 relative to one another. In this way, the assem-
bly serves to lock the rod 3115 relative to the bone screw
3110.

[0131] Although a Morse taper locking mechanism pro-
vides a powerful immobilization, it may be loosened with
only a modest backout of the locking members 3120 relative
to the housing 3105. This may be prevented by the addition of
a ratchet locker, wedge locker, protrusion/indentation locker,
or any other locking mechanism to prevent backout and/or
loosening of the Morse taper.

[0132] With reference to the cross-sectional view of FIG.
34, a space 3305 is located between an upper surface of the
screw head 3130 and an inner surface of the assembled rota-
tional members 3125. The space 3305 can contain deform-
able material, spring device(s), magnet(s), or any other mate-
rial or device that can resist movement of the upper surface of
the head 3130 relative to the inner surface of the assembled
rotational members 3125. When the assembly is in the
unlocked state, the screw 3110 and the rotational members
3125 are freely movable within the locking members 3120.
[0133] When the assembly is locked, the rotational mem-
bers 3125 are immobilized relative to the locking members
3120, but the screw head 3130 can still rotate within the
rotational members 3125. The material or device within the
space 3305 applies a force to the screw head 3130 and resists
movement of the screw head. In this manner, the screw resists
a deflecting force but can also move within the rotational
members 3120 if the force is of a sufficient magnitude. When
the force has dissipated, the screw returns to the neutral posi-
tion. FIG. 35 shows how the screw 130 can rotate to various
positions. Note that before locking the assembly, the surgeon
can freely adjust the orientation of the screw relative to hous-
ing without influencing the assembly’s neutral position or
pre-loading the screw and bone construct. If desired, the head
of the screw can be completely immobilized within the rota-
tional members 3125.

[0134] FIG. 36 shows the screw assembly of FIG. 32 placed
into the pedicle portion of a vertebra. Four screw assemblies
3100 have been placed into the two vertebras V1 and V2.
Inter-connecting rods 3115 are used to connect the two screw
assemblies 3100 on each side of the midline and all of the
screw assemblies 3100 are then locked. The screw assemblies
permit dynamic fixation of the vertebral bodies.

[0135] FIGS. 37A-C show additional embodiments of bone
screw assemblies wherein a rod can be immobilized using a
Morse taper assembly, such as was described above. One or
more of the components ofthe assembly can be manufactured
of a deformable material that permits some relative move-
ment between the screw and the rod when a force of sufficient
magnitude is applied thereto. In this manner, a dynamic screw
assembly can be achieved.

[0136] FIG. 37A shows an exploded view of an embodi-
ment of a dynamic bone screw assembly 3700. FIG. 37B
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shows a cross-sectional view of the bone screw assembly of
FIG. 37A. The bone screw assembly 3700 includes a housing
3705, abone screw 3710, a rod 3715, a locking nut 3720, and
an inner housing 3725. An upper member 3730 is positioned
above the rod 3715 and is rotatably attached to an underside
of'the locking nut 3720. As shown in the cross-sectional view
of FIG. 37C, the rod 3715 is compressed between the inner
housing 3725 and the upper member 3730 when the locking
nut 3720 is advanced downward into the housing 3705. The
housing 3705 has a bore that is large enough to receive a
shank portion of the screw 3710, but not large enough that the
head of the screw 3710 can pass through the bore.

[0137] Theupper member 3730 and the inner housing 3725
can be manufactured of a deformable material or a shape-
memory memory material to permit the screw 3710 to be
rotated out of the neutral position. The material is deformed
when the screw 3710 is moved out of the neutral position, but
provides a force on the screw the urges the screw back
towards the neutral position.

[0138] FIG. 37C shows an exploded view of another
embodiment of a dynamic bone screw assembly 3750. FIG.
37D shows a cross-sectional view of the bone screw assembly
of FIG. 37C. The bone screw assembly 3750 includes a hous-
ing 3755, a bone screw 3760, a rod 3765. The housing
includes an inner sleeve 3770 that surrounds a deformable
inner housing 3775. The rod 3765 can be advanced downward
to clamp the rod and 3765 and the head of the screw 3760
within the inner housing 3775 using a Morse type configura-
tion. The inner housing 3775 can be manufactured of a
deformable material or a shape-memory memory material to
permit the screw 3760 to be rotated out of the neutral position.
The material is deformed when the screw 3760 is moved out
of the neutral position, but provides a force on the screw the
urges the screw back towards the neutral position.

[0139] The dynamic bone screw assemblies of the type
described herein provide one or more movable elements
between the screw shaft and the rod. In this way, the rod can
be immobilized relative to one movable element while the
second movable element provides continued movement of
the screw shaft relative to the rod. Regardless of the particular
locking mechanism, such a feature can be used to provide
dynamic stabilization of the bony elements.

[0140] FIG. 38 show various schematic embodiments of
bone screw assemblies that employ multiple moving surfaces
or elements. A generic locking mechanism is shown in con-
junctionwitharod R, abone screw S and two elements E1 and
E2 that can move relative to one another. The rod R can be
locked or immobilized relative to element E1, while the screw
S can be locked or immobilized relative to element E2. In
embodiments A, B and C, the element E2 is movably disposed
within element E1 and in embodiments C, D, and E, the
element E1 is movably disposed within element E2. In
embodiment B, the element E2 extends downwardly from
element E1 to displace the screw S from element E1. Embodi-
ment C also displaces the screw S, but the element E2 has a
portion that is positioned inside the screw S. In embodiment
D, the element E1 is disposed within element E2, and element
E2 is disposed within the screw S. In embodiment E, the
element E1 and the screw are both disposed within the ele-
ment E2. Finally, in embodiment F, the element F1 is dis-
posed within element E2, which is disposed within the screw
S. One of ordinary skill in the art can add additional surfaces
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or elements to achieve further embodiments of this invention
and it is understood that these would fall within the scope of
this application.

[0141] Although embodiments of various methods and
devices are described herein in detail with reference to certain
versions, it should be appreciated that other versions, embodi-
ments, methods of use, and combinations thereof are also
possible. Further, the design elements and modifications dis-
closed in the application that permit dynamic movement
between rod and bone screw may be alternatively applied to
any screw assembly thatutilizes a rod and bone screw feature.
These devices are quite numerous and current art illustrates
many variations of these assemblies that are presently con-
figured for rigid fixation alone. (e.g., U.S. Pat. Nos. 5,810,
819; 6,139,549, 6,371,957, 6,379,357, 6,478,798, 6,565,565,
6,610,063 and many others disclose variations of these
devices.) Therefore the spirit and scope of the appended
claims should not be limited to the description of the embodi-
ments contained herein.

What is claimed is:

1. A bone fixation assembly, comprising:

an elongate rod;

a bone fixation member adapted to be secured to a spinal
segment;

a housing assembly having a first portion adapted to be
removably attached to the rod in a manner that immobi-
lizes the rod relative to the first portion, the housing
assembly also having a second portion adapted to be
removably attached to the fixation member to place the
rod and the fixation member in proximity;

wherein at least a portion of the bone fixation assembly can
articulate while the rod is immobilized relative to the
housing assembly to permit the fixation member to move
from an initial orientation to a different orientation rela-
tive to the rod in response to application of a load on the
bone fixation assembly, and wherein the fixation mem-
ber is automatically urged toward the initial configura-
tion when the load is removed.

2. A bone fixation assembly as in claim 1, wherein the
housing assembly includes an inner housing having a slot that
receives the rod and an outer housing having a seat that
receives a head of the bone fixation member, and wherein the
inner housing mounts within the outer housing such that the
inner housing can move relative to the outer housing to permit
the fixation member to move from the initial orientation to the
second orientation.

3. A bone fixation assembly as in claim 2, wherein at least
one space is positioned between the outer housing and the
inner housing, and wherein a material or structure is posi-
tioned within the space, the material or structure adapted to
resist relative movement between the inner housing and the
outer housing.

4. A bone fixation assembly as in claim 2, further compris-
ing:

a first locking member adapted to immobilize the rod rela-

tive to the inner housing;

a second locking member adapted to immobilize the fixa-
tion member relative to the outer housing; and

athird locking member that immobilizes the inner housing
relative to the outer housing.

5. A bone fixation assembly as in claim 1, wherein the
housing assembly or the fixation member includes an articu-
lation region that can articulate to permit the first portion of
the housing assembly to move relative to the second portion.
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6. A bone fixation assembly as in claim 5, wherein the
articulation region is corrugated.

7. A bone fixation assembly as in claim 5, further compris-
ing a sheath that surrounds the articulation region.

8. A bone fixation assembly as in claim 5, wherein the
articulation region is an elastically deformable material.

9. A bone fixation assembly as in claim 8, wherein the
articulation region is a shape memory material.

10. A bone fixation assembly as in claim 1, wherein the
housing assembly includes an outer housing with slot that
receives the rod, the outer housing further including a seat,
and wherein the housing assembly further comprises an inner
housing positioned in the seat, the inner housing adapted to be
immobilized relative to the outer housing, wherein the inner
housing defines a socket in which a head of the bone fixation
member is movably positioned.

11. A bone fixation assembly as in claim 10, wherein a
material or structure is positioned within the socket to resist
movement of the head of the fixation member within the
socket.

12. A bone fixation assembly as in claim 1, wherein the
housing assembly includes a slot adapted to receive the rod
and a seat adapted to receive a head of the fixation member
below the rod, wherein a material or structure is positioned
within the seat to resist movement of the head of the fixation
member within the seat.

13. A bone fixation assembly as in claim 1, wherein at least
a portion of the bone fixation assembly is at least partially
formed of a shape-memory material, said shape-memory
material exhibiting pseudoelastic characteristics at about
body temperature.

14. A bone fixation assembly as in claim 13, wherein at
least a portion of the housing assembly is formed of the
shape-memory material.

15. A bone fixation assembly as in claim 13, wherein at
least a portion of the fixation member is formed of the shape-
memory material.

16. A bone fixation assembly as in claim 1, wherein the
housing assembly includes an outer housing and at least one
locking member positioned within the outer housing and
adapted to receive the rod, the housing assembly further com-
prising a rotational member rotatably positioned within the
locking member and the outer housing, the rotational member
forming a socket in which a head of the fixation member is
rotatably positioned;

wherein the rod can be pressed downward into the locking

member to immobilize the rod in the locking member
and the locking member in the housing and further
immobilize the rotational member relative to the locking
member while permitting rotatable movement of the
head of the fixation member within the socket, and
wherein a material or structure within the socket applies
a force to the head of the fixation member upon rota-
tional movement of the fixation member to resist move-
ment of the fixation member out of the initial orientation.

17. A bone fixation assembly as in claim 1, wherein the
bone fixation member comprises a bone screw.

18. A method of stabilizing the spine, comprising:

providing a first fixation assembly including a first hous-

ing, a first bone screw, and a rod;

securing the first fixation assembly to a first spine segment

such that the first bone screw is fixated to the first spine
segment; and
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locking the first fixation assembly such that the rod is
immobilized relative to the first housing while the first
bone screw can move from an initial orientation to a
different orientation relative to the rod in response to
application of a load on the first bone fixation assembly,
and wherein the first bone screw is automatically urged
toward the initial configuration when the load is
removed.

19. A method as in claim 18, further comprising:

providing a second fixation assembly including a second
housing and a rod;

12
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securing the second fixation assembly to a second spine
segment such that the second bone screw is fixated to the
second spine segment; and

securing the second fixation assembly to the rod, wherein
the rod is immobilized relative to the second bone screw
such that the rod is fixedly cantilevered from the second
bone screw assembly.



